Progress 3/1/94-2/28/95
The final year of funding provided to Dr. Caskey was used to develop and further elaborate the reciprocal probing method devised by Dr. Caskey and Dr. Cheng Chi Lee of BCM. A publication describing the results of this pilot study appeared in a recent issue of Human Molecular Genetics .
Briefly, the method entails the use of pooled cDNA probes to arrayed chromosome-specific cosrnid libraries (prepared by the national gene library project of LANL or LLNL) to identify cosmids containing sequences capable of hybridizing with a cDNA clone in the pool. Cosmid clones are isolated and used as probes to identify specific cDNA clones, and the cDNA and cosmid are paired. Sequence of the cDNA insert and FISH-based mapping of the cosmid clone provide a possible identity and location for each.
In this pilot study, placental cDNA clones from a library prepared by Dr. Lee were used to identify cosmids from both chromosomes X and 17. Sixty unique cDNAs were identified, of which 22 were novel when compared with the sequence databases while another four cDNAs showed homologies to ESTs. Thirty-four cDNAs showed significant homology to previously described eukaryotic genes. Of the described gene matches, 26 were from human while the remainder were homologous to rodent, chicken and nematode sequences. The average size of the cDNA inserts was 1.5 kb. Nine cDNA clones (xp161, xp22G3,6B1092D9,2E8,9F3, 12B5, 15C8,24F3) contained both the published 5' and 3' untranslated regions of the corresponding genes, demonstrating that they contain the complete protein coding region of their respective mRNAs. This pilot study identified eight genes previously mapped to the X chromosome and eight mapped to chromosome 17, suggesting that it is a viable technique for identifrcation of chromosome-specific genes (Tables 1 and 2 ). Some items of interest were found in these data. Four cDNAs (5G12 and xp278 in Table 1 and 3G12 and 8Dl in Table 2 ) identified cosmids mapping to two or more locations on the chromosome. These may represent members of gene families, pseudogenes, etc., and provide a measure of the selectivity of the method. As this is a hybridization-based approach, it provides the ability to identify imperfect matches between cDNA and genomic clone. W e this generates uncertainty regarding the derivation of the cDNA, it offers the opportunity to identify chromosome-specific genomic clones containing sequences related to the cDNA, which may be interesting in themselves. This is also seen in the identification of cosmids by cDNAs that are clearIy not X4inked (cytokeratins 8 and 18, for example), but identify homologous X clones (An X-linked locus homologous with cytokeratin 18 has been previously reported. The method offers a rich source of genomic clones for analysis, and the cDNAs identified are also of interest, but with caution regarding authentic map position.
The efficiency of the reciprocal probing strategy was estimated through analysis of the 32 chromosome 17 genes identified in the pilot study. The 2592 randomly isolated placental cDNA clones were pooled as probes and identified 278 cosmids from the 20,000 clones in the Los Alamos chromosome 17 (L,A17NCOl) cosmid library. Of these, 75 could not be associated with a cDNA and appear to have been false positive clones. The remaining 203 (73%) cosmids were true positive signals as identified by pooled cDNA probes. Hybridization with individual cDNAs separated the 203 cosmids into 35 non-overlapping groups associated with a specific cDNA. Thirty-two unique genes were isolated, sequenced and mapped with the 35 cosmid groups. Three of these cosmid groups generated cDNAs that were problematic during growth or sequencing. EST/STS primers generated from 24 of 27 clones (€%%-only three of the nine genes known to map to 17 were used) were found to amplify both the associated cosmid and members of a chromosome 17 somatic cell hybrid panel. These data suggest that three of four cosmids identified by the pooled cDNA probes will be real positives, and the associated cDNA will map to the expected chromosome at a frequency of 90%. Table 1 . X-associated cDNAs exhibiting significant similarity with sequence database entries. cDNAs and cosmid names are provided along with the highest match in the database and accession number. Locations of cosmid clones determined by FISH are provided. Genes in bold type were previously known to map to the X chromosome.
The sensitivity of hybridization with a pooled cDNA probe is an important parameter. If a single clone in a large pool is incapable of identifying its corresponding cosmids, this transcript will be missed by the method. Clone redundancy was measured for positive cDNAs in the chromosome 17 pilot. Of the 32 positive cDNAs, 15 were found in single copy in their respective pools of 864, while 11 were in two copies, two were in three copies, one had four copies and one each had seven and eight copies. Clearly, cDNAs in single copy in the pool are capable of identifying corresponding cosmids. A scaled-up series of experiments is in progress, with a goal of 60,000 cDNAs to be analyzed in the same two genomic libraries. Two-thirds of these cDNAs (40,000 placental and heart clones) have been grouped into 46 pools of 864 clones each, and used as probes OR the LLNL library. A total of 2848 cosmids were identified and isolated as individual clones. This represents over 10% of the clones in the library-a substantial proportion of the chromosome. Cosmids associated with each cDNA pool were re-arrayed for further manipulation. Individual back hybridization of the cosmids is impractical, so cosmids have been qouped into pools of ten (pilot studies demonstrated the feasibility of this approach with known positives) for hybridization to the cDNA fdters. To date 130 cosmid pools have been used, identifying nearly 400 potential X-specific cDNAs. To identify individual cDNA-cosmid associations, cDNA clones identified will be individually hybridized to the rearrayed cosmid clones. The total number of hybridizations required by this method to identi@ the cDNAs with X chromosome association from the initial 40,000 cDNA clones is estimated to be -1000 (46 initial cDNA pools; 285 cosmid pools; 800 individual cDNAs). This is a large number of hybridizations, but is manageable, especially when considering that the targets for hybridization are successively smaller in subsequent experiments. For example, the initial cDNA pool probes are applied to 25,000 clones, the cosmid probes are applied to an 864 clone array, and the individual cDNA probes are used against the cosmids identified by their parent pool (average of -60 cosmids). Thus the scale and difficulty of each hybridization step is successively reduced.
At the present time over 100 unique cDNA-cosmid associations have been made (including those described in the pilot studies) for the X chromosome. The majority of the cosmids have been mapped by FISH (Figure l) , and cluster into three major regions already known to be gene rich (Xpll, Xq13 and Xq28) . EST/STS primers have been generated from 52 of the cDNA sequences. These primers amplified the associated cosmid for 28/52 (54%) cDNAs. Not included in this analysis were nine genes previously assigned to the X chromosome. Taking these nine into account, 37 of 61 (60%) cDNAs isolated clearly derive from the X chromosome. This number is somewhat lower than that found for chromosome 17, which may reflect a difference in the number of gene families and/or pseudogenes present on the X chromosome. Nevertheless, these data suggest that six of ten cDNAs isolated by the reciprocal probing method will be derived from the X chromosome, a significant enrichment over mapping cDNAs at random.
If the 800 potential cDNAs identified in these studies follow this pattern, then -350 will truly be X-specific after the redundancy in the cDNA library is taken into account. This represents a two-fold increase over currently known genes. To generate this number of unique cDNAs mapped to the X through random assignment of cDNAs to chromosomes would require mapping of 7000 perfectly normalized cDNAs, an effort whose scale has not been approached. Another major advantage of the method is that it directly provides one or more genomic clones for the locus of Literest. Since a reference cosmid library is used, it offers the ability to immediately check for information regarding the clone under study, even at the stage of initial identification of the cosmid with the cDNA pool.
Parallel efforts in the laboratories of Drs. David Nelson, Huda Zoghbi, Andrea Ballabio, and A. Craig Chinualt have aimed to establish physical map data for the LLNL flow sorted X cosmids. Through the NIH funded BCM genome center, informatics systems for managing the coordination of these data have been developed. Grid positions of cosmids identified either by YAC hybridization or reciprocal probing is entered and maintained in a Sybase database, the Cosmid Relational Data Base (CRDB). The LLNL library is composed of -24,000 clones, and data regarding over 8000 of these has been developed thus far. The physical map data is largely found for clones in the distal Xq and Xp regions, with some efforts in proximal Xq as well. Crossreferencing of these data offers ready identification of fine-scale map positions for genomic clones associated with cDNA clones, simplifying and refining the mapping of the genes giving rise to the cDNAs.
From about 1300 of these cosmids, 206 unique cDNA-cosmid associations have been established, approximately doubling the number described in the preliminary publication. Of these 206 cDNAscosmid associations, 78 were from a heart cDNA library and 128 were from the placenta library. YAC probing of the cosmid library has revealed over 1000 cosmids also identified by the cDNAs pool probes by querying the CRDB. In the majority of cases, several cosmids found to be in a common physical mapping interval (bin) are positive with the same cDNA. This offers substantial evidence of the validity of both the. bin assignment and the cDNA assignment. Numerous examples in both Xq and Xp have been found, and many of these have been taken to paired genomic/cDNA sequence to establish the identity of the coding sequence.
Continuing efforts in these areas are focused on continued YAC-association of cosmid clones in preparation for long-range sequencing, and further characterization of the associated cDNAs to define the gene content of these regions of the X chromosome. No additional cDNA libraries are being used in these efforts due to inadequate funding.
